Occupational Limits for Inhalation Exposure
The primary route of exposure to hazardous chemicals in the laboratory is inhalation. Several organizations have established occupational exposure limits (OELs) to evaluate the potential health hazards, as well as to assist in developing appropriate controls for chemical agents that may meet or exceed these limits.
The only U.S.-based enforceable OELs are those issued by the U.S. Occupational Safety and Health Administration (OSHA). OSHA has established permissible exposure limits (PELs) for approximately 500 substances based on an 8-hour time-weighted average (TWA). The PEL is the maximum level to which a worker can be exposed to a particular substance averaged over an 8-hour period. In addition, substances may have short-term exposure limits (STELs) that are based on a 15-minute average, or ceiling limits, which designate the concentration a substance should never exceed. When exposures exceed the PEL, OSHA requires implementation of actions that may include additional exposure monitoring, training, medical surveillance, respirators, restriction of access to high-exposure areas, communication with employees, and implementation of administrative and engineering controls.
Additional OELs include those recommended by the National Institute for Occupational Safety and Health (NIOSH) and the American Conference of Governmental Industrial Hygienists (ACGIH). NIOSH has published approximately 700 recommended exposure limits (RELs) that are based on a 10-hour TWA and the ACGIH has voluntary exposure limits called threshold limit values (TLVs) based on 8-hour TWAs. Although these OELs are not regulations, best practice is to be conservative when using OELs for comparison to occupational exposures. Many chemicals used in laboratories do not have authoritative OELs. Some substances without OELs may be buffers and other lowhazard materials, yet many hazardous materials exist without authoritative OELs. For hazardous substances without OELs, approaches have been described in the literature including control banding, development of internal performance-based OELs, and development of surrogate OELs. This article focuses on the approach for substances with established OELs.
Defining Similar Exposure Groups (SEGs)
Conducting an exposure assessment in a laboratory or production facility has several challenges. Typically, many employees and/or students work various work shifts and sampling each person would be costly and require an abundance of resources and time. The most appropriate strategy for addressing these challenges is to stratify the employees into similar exposure groups, or SEGs.
SEGs are defined as groups of employees with common risk and similar exposure profiles due to the similarity and frequency of the tasks that they perform, the materials and processes with which they work, and the similarity of the way that they perform the tasks (AIHA, 2006) . SEGs are typically categorized based on the job, process, task, and exposure agent. Since SEGs are representative of a larger population, the result of using SEGs for workplace exposure assessments is a predictable exposure for that group.
The most common approach to identify SEGs is through observation of work practices. This process involves visually assessing tasks, job descriptions, process, materials, and exposure agents, as well as controls to categorize and then prioritize various SEGs within a workplace. Once the SEGs are identified, quantitative sampling of a representative number of each group is sampled. These results serve as the exposure risk for the entire group. Developing a Ranking Scheme
Beyond Traditional Biosafety
The American Industrial Hygiene Association (AIHA) has published guidance for utilizing a semi-quantitative method for ranking exposures for each SEG (AIHA, 2006) . The AIHA method incorporates information regarding the OEL, the engineering controls (if any), as well as the quantity, frequency, and duration of use of each substance. Table 1 below shows an example of a semi-quantitative ranking scheme that incorporates information on occupational exposure limits, engineering controls, and intensity of use (quantity, frequency, and duration). The AIHA guidance is not prescriptive about how to assign relative rankings for various components of the ranking scheme and other components, such as historical monitoring data, can be incorporated into the rating scheme.
Based on the rankings, each identified exposure within an SEG can be prioritized so that the exposures with the highest risks can be targeted for a quantitative assessment (exposure monitoring). In this example scheme, each category is rated separately (1-4) and then the results are summarized for the SEG using the following formula. The AIHA guidance is not prescriptive about how to calculate relative rankings for various SEGs and other calculation methods may be appropriate.
Exposure rating = OEL Ranking x Engineering Control x Intensity of Use (Average) For example, using the ranking scheme shown in Table  1 for a process that occurs for 2 hours twice per week, using 50 milliliters of chloroform (OEL of 9.78 mg/m 3 ) on an open bench top would be assigned a semi-quantitative exposure rating of 32, using the exposure rating formula:
Exposure rating = 3 x 4 x ([2 + 3 + 3]/3) Exposure rating = 32 Using this scheme, the maximum score would be 64 (a 4 rating for each of the 3 categories), and the lowest score would be 1 (a 1 rating for each of the 3 categories). This process is repeated for each identified exposure within an SEG. Using this process allows each identified exposure within an SEG to be prioritized, so that the exposures with the highest risks can be targeted for a quantitative assessment (exposure monitoring). For example, exposure ratings with a high score should be considered for immediate collection of quantitative exposure measurements.
Conclusion
Environmental Health and Safety (EH&S) professionals are commonly asked to do more with less. It is important to have expertise in multiple areas of EH&S in this knowledge-based economy. The industrial hygiene principles presented in this article can be applied in broad research, academic, and manufacturing settings. A strength of the assessment approach provided in the example scheme is that it extends the "professional judgment" that is typically employed to determine which exposures are assessed. In this approach, chemicals with OELs would be reviewed, analyzed, and prioritized using a semi-quantitative ranking scheme, incorporating guidance from the AIHA. The semiquantitative industrial hygiene ranking scheme published by AIHA is based roughly on the concept of Control Banding, which is also the basis for the concept of Biosafety Levels. Given the biosafety professionals' experience with Control Banding vis-à-vis assignment of Biosafety Levels, they may find industrial hygiene (IH) program development a natural area to provide value within their organizations. 
